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Determination of Polychlorinated Biphenyl Residues in Foods, Feeds,
and Paper Products
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The following outline lists the steps in the analysis of foods, feeds,.. and paper products currently employed by the Food and Drug Administration
for residues of polychlorinated biphenyls (PCB). In general, methodology
for foods and feeds is that used in analyses for otganochlorine pesticides,
with auxiliary steps as necessary to separate residues of PCB and pesti-
cides. Extraction of paper products takes advantage of the stability of
PCB to treatment with alkali; electron capture GLC determination is the same
as specified for food and feed analysis.

Methodology for the analysis of food and feeds is described in the FDA
Pesticide Analytical Manual Volume I (PAM I). This manual and its revi-
sions are available to government agencies on request from Food and Drug

Administration, Public Records and Documents Center, 5600 Fishers Lane,
Rockville, Maryland 20857 or to non-government requesters from The National
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161,
as item NTISUB/C/118. Description of the method for paper products and
other techniques necessary to analysis for PCB residues are attached.

Methodology for Analysis for PCB Residues

Sample Preparation*

Extraction

Cleanup

Auxiliary Procedures

Food and Feeds

PAM I, 141.

PAM I, 211.13 or
212.13, depending
on sample type

CH3CN-petr  ether
partitioning and/or
Florisil column
chromatography:
PAM I, 211.14 or
212.14, depending
on sample type

Paper

Cut into about l/4" x.1/4"
pieces; thoroughly mixed.
Attachment I

Alcoholic alkali reflux
Attachment I

Florisil column
chromatography when
necessary
Attachment I

Separation from pesticide
residues, when necessary:
PAM I, 251. Supplemental
cleanup, when necessary:
PAM I, 211.15, 651.1

. ..-
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Determination Electron capture GLC:
. . PAM I, 251.15

300.64d(6/79),
and 311
Attachment II

Quantitation PAM I 143, PAM I 143,
300.64d(6/79) 300.64d(6/79)

Procedures Useful
for Confirmation

GLC with halogen
specific detection,
PAM I, 312 or 315

Micro scale alkali
reflux, PAM I 651.1

TLC - See PAM 1:
251.02 for
references

. . -z Perchlorination:
Attachments III, IV

i-
General Attachment V Attachment V

-.. -..

Electron capture GLC:
PAM I, 300.64d(6/79)
and 311
Attachment II

GLC with halogen
specific detection,
PAM I, 312 or 315

TLC - see PAM I,
251.02 for references

Perchlorination:
Attachments III, IV

*Care must be used to avoid contamination of a sample during sampling,
storage, or laboratory operations. In particular, storage containers
should be checked before using to assure that no PCBs are present.

. .

.! .
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The multi-component nature of PCB residues challenges even an experienced
residue analyst in the identification and quantitation of the residue.
Quantitation of a residue (see PAM I 300.64d (6/79)) is made by comparing
the magnitude of GLC response from the residue to the magnitude of response
from reference Aroclor(s) (Monsanto Company). Judgment must be made as to
which reference Aroclor most closely resembles the GLC peak pattern detected
in the sample. In many cases, particularly in animal tissue samples, the
residue pattern may not resemble any single Aroclor and a choice must be
made as to which Aroclor(s) would provide the most accurate result. Once
a choice has been made concerning which reference material(s) to use, the
technique by which the GLC responses of the residue and reference material
will be quantitatively compared must also be chosen (PBM I, 300.64d (6/79)).
Since the choice of auxiliary procedures depends to some degree on the
identity of the residue, the analyst must develop a high degree of skill in
the application of this type of methodology and an ability to interpret
GLC chromatograms  correctly.



-3-

. The limits of detectability of the me-thods are dependent upon: (1) the-.
sensitivity of'the determinative step$?X.C) to the'particular  PCB mixture-
(Aroclor); and (2) the weight equivalent of sample injected for GLC. The

-. magnitude of electron capture response to a given quantity of Aroclor 1242
is about one third of the response to the same quantity of Aroclor 1254.
Therefore in the determination of residues exhibiting GLC patterns similar
to Aroclor 1242, injection of a larger weight equivalent of sample is
required than for residues similar in GLC pattern to Aroclor 1254. When
using the electron capture - GLC sensitivity fixed by the parameters defined
in PAM I 143.21, the following sample weight equivalents should be injected in
order to obtain GLC response sufficient for detection and quantitation of
residues similar to Aroclor 1242 at the tolerance levels:

.

..'.

Products Approximate misligrams sample
equivalent for H EC-GLC
(PAM I, Table 331-A)

‘.. Milk (fat)
Dairy Products (fat)
Poultry (fat)
%%s
Complete and finished
animal feeds

Animal feed components
Fish and shellfish
Infant and junior foods
Paper food packaging material

12
12
6

60
100

10
10

100
2

. As pointed out in PAM I 143.21, the amount of sample equivalent injected
should be adjusted to accomodate changes in detector sensitivity in
order to maintain a constant limit of quantitation.

i

1 NOTE: The following references describe the successful interlaboratory
collaborative studies which were performed on methods for PCB under the
auspices of the Association of Official Analytical Chemists (AOAC); the
methods thus tested have been granted AOAC official status:

i‘

Sawyer, L. D., Collaborative Study of the Recovery and Gas Chromatographic
Quantitation of Polychlorinated Biphenyls in Chicken Fat and Polychlori-
nated Biphenyl-DIYT  Combinations in Fish, 3. Assoc. Offic. Anal. Chem. 5_6,
1015-1023 (1973).

Finsterwalder,  C.E., Collaborative Study of the Determination of Polychlo-
rinated Biphenyls in Paperboard, 3. Assoc. Offic. Anal. Chem. z,, 518-524
(1974).

Sawyer, L.D., Quantitation of Polychlorinated Biphenyl Residues by Electron
Capture Gas-Liquid Chromatography: Collaborative Study, 3. Assoc. Offic.
Anal. Chem., J& 282-291 (1978). .
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Determination of PolychlorinatedExtraction and Cleanup for
Biphenyls in Paper and Paperboard

SUSAN  J. V. YOUNG,  CHARLES  FINSTERWALDER,* and JERRY A. BURKE
DiGion  of Chem&y  and Physics, Food and Drug Adnainistration,  Washington, D.C. .%?$0~
l Food  and Drug Adminidratiun,  il41 Central Parkway, Cineinndi, Ohio 4~209

A procedure  is deoeribed for the determina-
tion of polychlorinated biphenyb (PCBa) in
paper and paperboard.  PCRa are extracted
from the paper sample by refiux with dwholic
KOH. column  chmmBtography on Floriaii  is
used for cleanup, if needed.  Compounds  are
determined by GLC with electron capture de-
tection, using  conditions previously  devised
for organochlorine  pesticides.  An exhaustive
extraction utilizing mlfuric  a c i d  wan dwel-
oped in order to obtain  comparative  data OP
extraction  effectiveness.  Recoveries  of Arodo~
1242 a n d  1254 from fortified  paper samplea
averaged 95.5 a n d  %.8% with the alwholic
KOH reflus  and sulfuric  acid digestion  estrac-
tions, rcqmxtively.  Aroclor  1242 determined
after alwholic  KOH extraction of paperboard
was 96% of the amount  found a f t e r  emlfuric

acid digestion of comparable samples. Aroclor
1242 h a d  b e e n  i n c o r p o r a t e d  into the paper-
board during  manufacture.

Polychlorinated  biphenyls (PCBs)  are now well
known  as chemical  contaminants.  Their general
&es, chemistry,  and widespread  residue occur-
rence have been thoroughly  discussed (l-3).  In
1971 the Food and Drug Administration  dis-
covered  the presence  of PCB in paper  food pack-
aging and in some foods packaged in this paper-
board. The packaging  containing  PCB had been
manufactured  from recycled  waste paper, in-
cluding waste  carbonless  copying paper. Prior to
discontinuance of its use in 1971,  Aroclor 1242,
a commercial  PCB, had been an ingredient  in
carbonless  copying paper.  It is anticipated, how-
ever, that the presence  of PCB in paper  destined
for recycling  will continue for some time. To effec-
tively control the disposition and use of paper
containing PCBs, an analytical method  is re-
quired to determine PCBs in paper  and paper-
board. Our objective was to make maximum
utilization  of existing analytical  techniques  for
PCBs  in foods (4,5) in the analysis  of paper and
paperboard.  Most attention was directed  to ex-

traction  of PCBs from the sample  and optimisa-
tion of the parameters  of the procedure.  The 2
extraction  procedures  presented here  take ad-
vantage of the stability  of PCBs to akali and

,.acid. Because  PCBs are the only chemicals  sought
by the analysis, the us+ of a harsh chemical  treat-
ment and an abbreviated cleanup is possible. The
extraction  by reflux with alcoholic  KOH was de-
signed for use with routine samples.  The more
tedious sulfuric acid digestion was developed  as
an extraction  for comparative purposes  on se-
lected samphs.

METHOD

Apparatus for Akoholk .41kdi  Extmction

(a) Gas chroma&raph.-Equipped  with electron
capture detector and 6’ X 4 mm id glrrss  column
containing either (I) 10%  DC-200 or (8) 1: 1 mixture
of 15y0  QF-I + 10% DC-200 on 80-100 mesh
Chromosorb W(HP).  Operating conditions: nitro-
gen, 120 ml/mm;  column and detector; 2OO*C;  in-
jector, 225°C; concentric design electron capture
detector operated at dc voltage to cause x full  scale
recorder de&ction for 1 ng heptachlor  epoxide  when
full scale deflection is 1 X lo* amp.

@) Chromatopsphic  column.-With Teflon stop-
cock and cosrse f&ted plate, 22 mm id X 300 mm
(Kontes Glass Co., Vineland, N.J., NO. K-420540,
size 233, or equivalent).

(c) chromalogophic  column.-Phin, 2!2  mm id X
300 mm (Kontes Gisss Co., No. K-420300, size 21, or
equivalent).

(d) &&ma-Danish  cummmtm.--500  ml capac-
ity with Snyder coolumn and volumetric and gradu-
ated receiving tube (Kontes Glass Co.,  Nos. K-621400
end K-5iOO50,  or equivalent).

(e) West cun&mer.-400 mm jacket length with
i inner drip joint to fit 250 and 500 ml Erlenmeyer
flasks.

(f) Erlerwtyer&aka.-250  ml, with + outer joint
to fit West condenser.

(8) Separatoy  fumd-250  ml, with Teflon  stop
cock.

Raairsd  bfucb  15.  1913.

- --e ..,....-.a- -..__. -  my. e”.P A-s-. .- -.  _ _ . _ - . .
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Appamttu for Sulfuric Acid Digeetion
Estmction

See (aHah 0) (except  500 ml), and e, (except  1
L), above, plus the following:

(a1 Bwhner  funnd.--Porcelain,  125 mm id.
@i Fiuer pa-&r.-II  em diame-ter.

Rmgenu for Alcoholic Alkali ihtraction

(a) Florisil.-60-100 mesh PR grade (Floridin
Co., 3 Penn  Center Blvd., Pittsburgh, Pa. 15235).
Transfer  immediately from bulk container to ghww
containem  with glssa-etoppered  or foil-lined screw-
top lids and store in dark. Heat 25 hr but preferably
overnight at 130°C before use. Store at 130% in
glase-etop~  or foil-covered bottle. Alternatively,
store  stoppered  container in desiccator at room
temperature and reheat at 130°C after 2 days.

(3) Potusuiwn  hytbozide.-Anhydroua  peileta.
(c) Ethanol.-USP  95% (methanol, redistilled-in-

glase,  may he substituted).
(d) Akohdie  KOH reffa  reagenf.-2% (g/ml)

KOR  in ethanol.
(e) Petroieum  &.-Suitable for use with elf+

tron capture gas chromatography (Burdick and
Jackson Laboratories Inc., 1953 S. Harvey St.,
Muskegon, Mich.  49442, or equivalent).

(f) Pdy&ti4  biphenyb.-Commercid  mix-
tures (Aroclon)  for reference in gas chromatographic
determination (Monsanto Co., St. Louis, MO. 63186).

Reagenta  for Sulfuric Acid Digution  Extmction

See (a) and (a) above plus the following:
(a) Concentm(cd  HtsO,.-ACS  grade.
(b) Hezane.-Suitab~e  for use witi electron cap-

ture gas chromatography (Burdick  and Jackson Lab-
oratories,  Iqc., or equivdent).

(c) Ethad-95%.  USP.

Alcoholic Alkali Extmction

Paper sampie representative of lot in question
shouldbecutin~piecesnolargerthanca%X  %*
and thoroughly mixed.

Weigh 10 g cut up and well mixed paper materid
into 125 ml Erlenmeyer flask.  Do not paok sample
tightly. (See note below  if volume of 10 g sample in
>ca 50 ml.) Add 60 ml 2% ethanolic  or methanolic
KOH, and fit flask with Weat  condenser cooled with
&dating  cold tap water. Beflux gently on steam
bath 30 min. When refiuxing  is complete, r&e down
inside of condenser with a small volume of dcohol be-
fore removal from flask.  Trader zefhx  solution, us
ing a small funnel  with gb3 nod plug to 250 ml
separatiry  funnel, avoiding transfer of any paper ma-
terial. Rinse paper and flask with three 40 ml portions
of petroleum ether, combining petroleum ether rinem
in the separator-y funnel. Add 60 ml water to eep-
aratory funnel and shake vigorously 30 eeo. Drain

--e_ JOURNAL  OF TEE AOAC (vol. sa; .qO.  4, 1973)
. .

lower aqueous layer into second  250 ml aeparatory
funnel. Add 60 ml petroleum ether to aeaond  separ*
my funnel and shake vigomudy 30 sec. Discard
4ueous layer and combine petroleum ether layers  in
first  separatory  funnel. Rinse second aeparatory  fun-
nel with few small portions of petroleum ether, col-
lecting rim in first aeparatory funnel. W=h pe-
troleum  ether with three 40 ml portione  of distilled
water, discarding each wash. Dry petroleum ether
through  2.5 x 50 mm column of anhydrous  NaPSOI,
collecting eluate  in Kudema-Da&h  amcentrstor.
Rinse separatory  funnel and then cniumn  with three
ca 20 ml portions of petroleum ether, collecting
rinses. Concentrate combined petroleum ether ex-
tract and rinsea  on steam bath to ca 5 ml. Extract is
ready for cleanup on, Floriail  column. If experience
with particular sample types  indieatee  that Florisil
column cleanup ia not required, proceed to gas
chmmatographic  determination.

N&r:  Adequate extraction of low density paper
such as newspaper or tissue paper will require adjuat-
ment of either the amount of sample downward from
10 g or the volume of reflux  solution upward from 60
ml. If poesible,  reduce the weight of the sample ma-
terid below 10 g to a quantity that is completely
covered and wetted by 60 ml of the ret&u  reagent. If
a larger amount of sample (not to exceed 10 g) is re-
quired,  use a volume of reflux reagent to completely
cover and wet the sample. Increeaein  volume of re-
flux solution over 60 ml must be accompanied by
pmportiond  increasea  in volumes of petroleum ether
rinses  of sample, water diluent added to the alcoholic
reagent in the separatory  funnel, and size of Erlen-
meyer  flasks and  Beparatory  funnele.

Sulfuric Acid Digcation Extmction (Optiona

Prepare representative paper sample = above ant
weigh 5-10 g cut up and mixed sample into 500 m
JMenmeyer  flmk. Add distilled wafv and mix unti
paper materid  ia completely satnrated and ama’
amount of unabsorbed water ia prcreat.  (Three II
water/g sample is usually adequate; very low densit
paper mattwid  may require alarger  amount of water
Fit Rask with West condenser cooled with circulatir
cold tap water. Immeme  grrsk about % of its heigl
into bath of cold tap water. Slowly add fresh co
centrated  sulfuric acid, equivalent to 8 volume
water added, through top of the condenser, with f:
quent gentle swirling of fhk. Let reaction mixtt
cool  in water bath ca 5 min. Slowiy  and cautiou
add 75 ml distilled water through top of condem
Swirl hsk until contents are well mixed. Let re
tioa mixture cool in water bath ca 5 min. Add 75
ethanol through top of condenser. Swirl flask u
content3  w well mixed. Let reaction mixture cot
room temperature while standing in water bath
20 min. Fiber  reaction mixture with vacuum thrc

__- . .- - _.- .- .- -_._ _- -.  . _ .-.  . ..- I^ .--.-** ---  -.  -.- _._.. ._ .._- _ -



-r-A - -. .-

. .

YOUNG BT AL.: PCB IN PAPER AND PM’ERROARD

125 mm Biichner funnel fitted with 11 cm St&&n
paper into 500 ml Krlenmeyer  flask.  Keep vacuum
on throughout entire filtering and rinsing. Rinse  rs
action flask and then Btichner  funnel with three 25
ml portions  of ethanol. &se reaction %ask and then
Biichner  with four 2.5 mi portions of hexane.  Care-
fully and completely transfer entire filtrate (two Lay-
em,  hexane  and 4uecws) to 1 L separatory  funed,
rinsing filter  flask a few timea with small portions of
ethanol followed by hexane. Add 75 ml distilled
water to separator-y  funnel and shake vigorously 1
min. Dram lower 4ueous layer into second 1 L sep-
arator-y funnel. Add 100 ml hexane to second eep
aratory funnel and shake vigomusiy  1 min. Discard
4ueou13  layer and combine hexane layem  in first
separatory funnel. Rinse  second  separatory funnel
with few small portions of hexane,  collecting  rinsea
in %rst separatory funnel. Wash hexane with three
100 ml portions of distiiled  water, discarding each
wmh. Dry  hexane  through  25 X 50 mm column of
anhydrous NafiO+, collecting  eiuate in Kudema-
Danish  concentrator.  Rinse  separatory  funnel and
column  with 3 ca Xl ml portions of hexane,  collecting
rinses. Concentrate combined hexane extract and
rinsee  on steam bath to ca 5 ml.  Estract  is ready for
cleanup on Florisil  column.

Cleanup

Add 10 g Florisil to 22 mm id chromatographic
tube. Settle column of Florisil  by gentle tapping of
chromatographic tube. Top column with ca s” an-
hydrous Na&O,.  Pre-wet  column with 20 ml pe-
troleum ether. Place Kuderna-Danish  concentrator
with volumetric collection  vessel  under column to
receive  eluate. Transfer  petroleum ether extra& to
column,  letting it pass  through  column  at ea 5 ml/
mm. Rinse container with three 5 ml portions of
petroleum ether, transferring each to column, and
rinse wails of chrom+qraphic  tube with additional
small-portions  of petroleum ether. Elute column  at
ca 5 ml/min with 150  ml petroleum ether. Concen-
trate duate to suitable definite voiume  in Kuderns-
Danish evaporator. If volume less than 5 ml is re-
quired, use Zbali  micro-Snyder or micro-Vigreaux
column during final  evaporation. EIuate  is suitable
for analysis by gas chromatography  with electron
capture detection.

Note:  Waxes,  if present in the extract, can be r+
moved  prior to Florisil chromatography  by parti-
tioning between petroleum ether and a&o&rile
(P&icidc Adyiicnl Manual (1972)  Vol.  1, Food and
Drug Adminis~ation,  Washington, D.C., ZXLl4.)

Resu1t.s  and Discussion

Our objective of an extraction  and ciesnup pro-
cedure  specifically for the analysis  of paper
material for PCBs was met by the alcoholic  alkali
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reffnx mction and Florisil  column  rh*matc
ographic  cleanup described  above.  An estraction
procedure  baaed on the digestion of paper with
sulfuric acid was developed  in order to evaluate i
the extraction  efficiency of the alcoholic KOH
IdUX.

Preliminary experiments indicated that ethanol i
or methanol  was a good  extra&ant  for PCBs from
paperboard and that hexane  did not remove  as
much  PCBs as did alcohol.  The stability  of PCBs
to alkali permitted  the incorporation of alkali
treatment  into the extraction  operation. This had
the advantages  of eliminating  elect.ron-captnring
substances and of providing additional  evidence
for the identity of PCB residues.  Column chroma-
tography  on Fforisil  with petroleum ether eiuant
provided a generally effective cleanup procedure.
Numerous esperiments  with paperboard fortified
with Arociors  1242 or 1254  were conducted to
arrive at optimum physical parameters  for the
alcoholic KOH estraction  and cleanup.  The ratio
60 ml extractant  to 10 g sample  was found to
accommodate paperboard of the density  usually
present in food containers. Analysis of lower den-
sity paper,  such as newspaper,  requires  reduction
in sample  size  or proportional  scaling up of all
extraction  reagents. Adequate rinsing of the
reflux flask and residual sample  during transfer
of the extract  to the separatary  funnel is essential
for good recovery. The 3 rinses with 40 ml por-
tions of petroleum ether as directed in the Method
are necessary  to transfer  aU PCBs. Aroclors  1242
and 1254  are completely eluted from the Florisii
column  with the first 75 ml of the 150 ml eluant.
Waxes encountered in heavily waxed papers  may
not be completeiy removed from the extract  by
Florisii  column chromatography.  Waxes can be
removed from samples  of this type by partitioning
a petroleum ether soiution of the e&act with
acetonitrile (4) prior to Florisil column  chroma-
tography.  Recoveries of PCB through  the par-
titioning  decreased with increasing  chlorination,
ranging from 94%  for Aroclor  1221 to 74%  for
Arocfor  1262. Recoveries of hrociors 1242  and
1254  were 97 and 87%, respectively. Extracts  of
certain  paper material  will not require  cleanup.
With experience,  the analyst can decide which
extracts  can be analyzed by gas chromatography
(GLC)  without prior cleanup.

GLC with electron capture detection  as de-
scribed under  Apparatus  was used throughout
this investigation  and is recommended  for sample



960

T&lo I. Ruovwy  of addad  PC8 fru F-

R-W

Ale. KOH H,SO*
LawI 8dd4Xr reflux dig&ion

Ardor 1242-8 ppm %.I 95.9
94.0 92.5
95.2 99.0
97.9 99.0

Aroclor 1254-W  ppm 93.4 97.0
5 5 . 7 98.3
95.0 96.0

Avom@o 95.5 96.8

a Aroclor added to aamplo II? I8bomtOry.

analyses.  This is the same GLC system and pa-
rameters used by our laboratories  for determina-
tion of organochlorine  pesticide  residues  (5).  In
general under these GLC conditions, 20-40  ng
Aroclor  1242 and 10-20  ng Arocior 1254 produce
a response suitable for quantitation.  With thii
magnitude of response,  injection of 5 mg equiv-
alent of paper is desirable  for determination  of
4-5 ppm Aroclor  1242.  To achieve this with a 10 g
sample of paper requires  that the prepared extract
be concentrated to 10 ml, and that 5 d be in-
jected for GLC. Sample  examination  and residue
measurement are made at different  PCB levels
with appropriate adjustment  of extract  volume.
All quantitative measurements in the work  re-
ported here were  made by comparing the total
area of the samtie chromatogram with the total
area of the chromatogram of either Arocior 1242
or 1254.

TibIe 1 gives recoveries  of Aroclors  1212 snd
1254 from paperboard fortified prior to extraction
by alcoholic KOH reflux and cleanup by Florid

chromatography as described in the M&o&
These  reads, averaging 95.54Jo  for the 2 Arociors,
demonstrate essentially complete recovery  of
these representative PCBs.

The completeness  of extraction  of PCBs from
paper  by the alcoholic  KOH reflux was deter-
mined in comparison  with the extraction  based  on
digestion  of the sample  with sulfuric acid. The
more rigorous  suifuric  acid digestion resulted in
disintegration of the paper into a fine particulate
suspension.  PCBs were then readily extracted
from the diluted aqueous digest into hexane.
Parameters of the sulfuric  acid digestion we=
developed  in order to achieve nearly  complete re-
covery  of Aroclors  1242  and 12%. Table 1 gives
recoveries of these representative  PCBs added to

JOUIZNAK,  OF TXE AOAC (vol.  56, No. 4, 1973)

Alcoholic
KOH roflux H2SOb  digestion

Low High Low Hi*

8.49 67.5 8.80 75.1
8.02 73.9 8.% 71.3
8.61 72.4 8 . 1 3 70.0
8.53 74.1
8.68

Av. 72.0 6.88 74.4
KOH/H$304 %.a$& - -

paper,  determined with the sulfuric  acid diges-
tik and FIorisil  column cleanup as described  in
the Method. Recoveries  were essentially complete,
averaging  96 and 98% for Aroclors  1242  and 1254,
respectively.

The comparison  of extraction  procedures  was
conducted on samples  of paperboard containing
Aroclor  1242  incorporated during manufacture.
One lot of the paperboard had been prepared to
contain about  10 times the level of Aroclor 1242
as the other  lot. All comparisons  were conducted
by using the alcoholic  KOH reflux and sulfuric
acid digestion extractions  as described above.
The Florisil  column cleanup was used with both
extraction  procedures.  Results  of the extraction
comparison  are given in Table 2. There is con-
sistent good  agreement on the levels of Arocior
1242  determined following  either  extraction  pro-
cedure. Arocior  1242 determined  at the 8 or 70
ppm level after aicohoiic  KOH reflux extraction
averaged 96% of the average level determined
after sulfuric acid digestion. Sulfuric 8cid diges-
tion or addition&  alcoholic  KOH refiux of the
paper residue remaining after the initial  alcoholic
KOH reflux resulted in determination  of only
l-37$ additional  Arocior  1242.  No additional
PCBs were found on re-extraction  of the particu-
late residue remaining after sulfuric acid digea-
tion. These resuits  show that extraction  by
alcoholic KOH reflux removes essentially all
PCBs in paper.

The good  recoveries,  high extraction  efficiency,
and the reiative ease of laboratory  application
recommend  the alcoholic  KOH rel3ux extrac-
tion and Floriail  column chmmatogrsphy  cleanup

for use in analysis  of paperboard and paper for
determination  of PCBs. Because  of the length of
time and attention required and the inccmven-
ience.  of working with sulfuric  acid, this prose-

-..-___  ._ .- -.... D -



YOUNO ET AL.: PCB IN PAPER AND PASEICEOARD --._
961

dure is not recommended  for general use but only (2) Zitko, V., & Choi,  P. M. EL. 0971) 83%. Rer.
for comparative purposes  on selected samples. Board  Can. Tech. Rep. 272, pp.  1-55
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RE~NCES Ed., Food and Drug Administration,  sec.

(1) Peakail, D. B., it Lincer,  J. L. (1970)  BtidGGna 211.14(a) and 211.14(d);  Rev. Apr.  1971, sec.
20,9!5&964 251; Rev.  Jan. 1972, sec. 311.U  and 311dB.
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GAS C)fI;OSI.~TOCITZ;\!‘l1fC  DATA FOR, POLYCHLORI~hTED  BII’IIIISYL
COJII’OSI-STS IS SIX AROCLORSa

Dkirior ojChrmicll Technology, Food and Drug Administratim.  Washington, D.C; 20204  (U5.4.)

(I?irst  received  .tprii  xrth. 1972; revised mmuscript  rcccivcd  July 5th.  1972)

Illustrations  of gas chromatographic  curves, relative retention times, and re-
sponse  data from IO:; DC-zoo  and x:x 157b QF-r/~oy&  DC-zco  on go-100 mesh
Chromosorb  W ISP columns with electron capture detection are compiled for six
Aroclors  f . AroclorsJ are commercial  mixtures of poiychlorinated  biphcnyis  com-
xaoniy  wed as ana!ytical  references  for po1>-chiorinated biphenyl  residue deter-
mination.

1 The industrial  chemicals  known as poiychbrhrated  biphenyls  {PCB), which
: lravc  become  widespread~environmental  contaminants’-J,  are generally  dctermincd by
* essentially the same technjques  used for organochiorinc  pesticides’ and may act as
’ intcrfcrenccs  in the gas-liquid chromatographic  (GLC)  determination  of pcsticidc
1 residues. Because there is no standard  PCB and individual  chlorinated  hiphenyi
i wmpounds  are  not readily available.  it is necessary  to rely on Arociors* as analytical
: references for PCB residue dcttrn&ations.

. . Arocior~  is the gcncrai  tradcname  for commercial  mixtures  of PCB manufac- *
tured in the United States  by Xonsanto Company.  Each Arocbr is a mixture  of

; chlorinated biphenyls (x200 series).  chlorinated  tcrphenyls  (54oo  s&es)  or a combina-
tion of chkninated  biphanyh  and tcrphcnyls  (4400  series).  The last two digits  of the
identifying  number  irrrkatc  the tzrcentagc  weight  of chlorine,  z.g.. Arociors  1254  and

. IzGo  arc  biphcnyls containing  54 and 60 ,0aJ chlorine.  res;ivcS~. CLC patterns  of
: PCB residues  in cnvironm~ntzi  .sampla have  gcncrnily  rescmblcd Aroclors  1254 and

’ X260. althr~u~h  t?~ possibility exists  that r&dues  may derive  from any of the Arocfors.
; ?IJC GLC rctrntion tia:cs. relative  peak  sizes,  peak  shapes,  and nvcrall  Fak

pattern of PCB rcsicluc~  must bz mrcfulip comprcd to the comspondinC:  ht3 for tlrc
Ardors in arch ta dctcnninc the thclor(s)  tht nwst  c:icwly rrscmLlc the w&k.
Bccausc tlrc nm~:nilufic of total  arca vark significantly  for the smlc wci&t of
diffcrcnt Arwttrrs, tiuz quantitative v&c dctcrrnirreci  for the PCB residue  th-pentis  .

,
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upon which ;\mcior{s) is chosen for qunntitation  rcfcrcnce.  The intcrprctstion  and
evaluation oi CLC  chromatr),g-zms  in I’CU drtcrminations  is augmcntcd  by ready
access to rcia:ivc rctcntion  times. response  data. and rcfr*rcncc  chroinatograms of the
nrious .Iroikrs.

Data for thcsc  GLC  chsractcristics  of six Xrociors,  obtained  by using two GLC
columns rcg!u!jrly cmploycd  in our laborztorics”,  are prcscntcd  here. Data are not
prescntcd for .4rociors rz3?, IA?.  5.~42, 5$m. and 4465.  Aroclor 1232 has been
commercially prcparcd’ bv blending  ayproprintc quantstics  of Aroclors 1221 and x2-+2
to obtain 3~~; total chforinc:  cimmatopxns  of matcrisl obtainrd from diffcrcnt  lots
revealed  s~b~.~g,  Ll --tkl  difierenccs  between some lots.  Arwlor x&S was not available  at
the time of this work. GLC at the dcsc;cribed  conditions  of Arodors  5442 and 5460
(chlorinated  tcrphenybj and -1465 (misturc of PCB and chlorinated  terphen$s)
resulted in mu!ticoml;;oncnt rhrornato,grams  with pz~ks emergin,o at rctcntion times
extending to several  hours: scvcrai hundred nanograms  were required for dctcction of
Iateeluting  constituents.  These  GLC parameters arc considered unsuitable  for detec-
tion and me~urtment of the pol~chlorinated  tcrphcn~is,  A system utiiizing parallel
columns with iiquid phases of x0& OV-ror and 39; Des&l  300 operated at Z-JO” has
been devised for GLC  of both the poiychlorinated terphcnyis and PCB*.

EXl’ERXULST.AL

GLC data were  obtained  with a gas chromatog&h equipped  with an ckctron
capture  detector and q-mm x 6-ft. glass columns. packed both with roDr/,  DC-zoo on
80-IOO  mc;-h Chromosorb W HP and a I :I mkturc of 157; QF-I plus go:/,  DC-ZOO on

&roo mesh Chromosorb \I’ HP’. Operating conditions:  nitrogen,  120 mlimin;
column and detector  temperature,  200~: injection  tcmprature. 229.  The concentric

design eicctron capture  dcvctor was operated at a d.c. GoRage  to produce half full
scale recorder dcflcction for z ng heptachlor epoxide when full xalc deflection  is
I x IO’* A. Recorder speed was ! in.imin.

Different concentrations  of Aroclors  were injected at the conditions @en to

the quantity necessary  foraappmximateiy  half fuli scale recorder  response
response  to illustrate  all the characteristic  constituents  of a particular

roclor. Retention  times were measured in millimctcrs  from the leading edge of the
rciativc  to the retention  time of, the pesticide

reporting GLC data  for Aroclors  were chosen
conform to GLC data  compiled  in the Food  and Drug Administration  Pesficidc

.

.
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TABLE  I
--B-s- -- -_

0.21
0.26
0.31

0-36
049 Q-39
0.52 0.51

049 047
Q-64
0.69 0.67
0.75 0.72

0.88 0.86
0.99 . 0.96

1-03
1st 1.22

X-42 l-39
x.32 1.49
1.76 x.74
1.86 1.83
2.08
232 2.20

2.36
2-Q

0.51

*.st

0.67

0 .80
0.85
0.96
1.03
1.23

l-39
149
X.74
t-84

2.20

244

5-04

pu~srmrs OF AROCLORS  N~CESSAIY  FOR AJ~ROX~YAT~LY  IIAL? ?vLL SCALE  RECORDRR  RESPONSE*
.--_I_.

ArocLw &anopzms  /w 212  /.s.r.

Ix-300’ QF-r/DC-too'

1221 8 0 60
1242 40 40
1243 40 30 \
1254 30 30
:260 20 20
$262 2 0  * 2 0

---e.-
l Qurntrtws of .\rodor mixtures to produce approximately half fulI scalr? recorder  rr?rlmonw:

(t/r hr.) for nra!c?r Amclor components or suiiiciunt  rmpomc to dcttct ali the cbractcrwtrc
Atoclor  constituents.

@Cl-C column and detector conditions are given under EX?ERINExTAL.

TABLE II
GLC II&ttStlO?l  TlME  DATA FOR SIX AIOCLORS .
Support material: Chromosorb \\’ Ml‘. 8o-roe mesh;  stationary ph.ue:  IO?& DC-200 (6 ft. X 4
mm I.D. columni: urncr Eas:  nitroacn.  Jto mUmin:  temperature: zoo’: dctcctor:  ckctron  cap-
ture (tritium); sample SILC:  qumrrtrrs  nccrtsary  for approximately half full sctic rcspons~  (se
Tabk 1); dats given m: retcntlon  scqucnce reh~ivc to altinn  from solwctat  peak.

Arodw A rodw A+oclor Ardw A rociw Arodw
1222 r2jr r24B J254 1260 126s

.

0.87
Q-98
X.05
x.27

a

I.52
1.78
I . 8 8

x.28 x.26

I.)0

2.86
2.07
2.2t

.

2.63
2-G
3.08
3-P
4.10

4-W
3-b

6.30
7-b
9.80

1-85
2.07
2.22

2.61
2 .82

3-d
3-P
4. to

$90
s--
6 .40
6.60
7.mo
9.10

--

J. Chomdq~.,  72 (J’J74  27S-JR2
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mcordcr rc$p>n&Or for crouch rrxponw to iIlu5iF%FatI  the cl~afactcristicconstitucnts ;: ::
\rociof.  ‘I‘alh2~  11 31~1 111  give t!kc rctcntion times rclntivc  to aldrin -_

of a partirui.x :
for ~11  the  p-.‘.7i;s  prcsrnt  ill sis diffcrcnt Aruciors. TI;csc tabtcs arc ~xzwtyci to readily

d diffcrcnccs tn tlw GLC ciution pattrrn  of tltc various  Aroclors.S]JOW  simikGi:y XI
PC& witlk  .;iatlsr  rchti\c rctcntion  times in tiic riiffcrcnt Arociors arc not ncccssafiiy
rapnxs to tjE SalW! COKlp~Xllltl. Fig. r-3 3rc gxs cf~rom~tog-rams  of six Aroclors

from tllc IO”, DC-zoo column; 1:igs.  q-6 arc gas chmmatograms of six Ardors from
the I :I 13"; QF-I:10  ,u0’ DC-zoo column at tilt qxciticd conditions.

The GLC  data for PCB prcscntcd he should bc a uscl’ul rcfercncc for evaiua-
tion and intcrprctation of GLC  chromatograms for PCB rcsiduc determinations.

GLC RETESTSOS  TIYE  DATA FOR SXX ?iROClOXS

Suppon material: Chromosorb  Iv HI.’ SWIOO mah; stationary  ph.=: I :I 15%  @F-rJto% DC-
200 (6 ft. Y 4 mm 1-L). column): tamer &WS.. mwogen.  IZQ nritmin:  temperature: ZQQ*:  detector:
electron capcurc (tntlum):  sampic  SILC: quanrlua  ncrcssary  for apprnx~matclp  half  ful l  scale
recorder rqxnsc (see fable 1) ; data glwtn  In: rctcntion scqucnce rciruvc  to aldrrn from solvent
prk-

ArocLor AdW A roclw A rocfor A mclw A rodor
x22x 1242 2248 J2W x260 za6t

0.20
0.29
0.36
0.39
0.53
0.57
0.71
0.78

0-V
o-s3
0.61
0-72

0.53
0.61
0.72

0.81 0.81
0.90 Q-go
I.02 1.02

l-09 l-09
I-34 1.34
1.52 1.52
1.82’ I.82

l-97 1.97

2.36

230

3 - Y

2.36

r-at8

3.24
.

0.87
1.02

x.32
1.52
5.82

I.96 -

x.31
x-53

I.86

2.14
2.26

2 .66
2.68
3.22
3.59
3.99

gz
630
a)0

8.00
949

.

2.24

2 .66
239
3.22
SW
3.99
4.20

2:
b-)0
MO :

9.30
rr.9

\

F-w
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Fig. t. CLC separation  on to0’., DC-ZOO  column of t 20 ng .~rocior  I 22 1. CLC conditions arc given
aadw ~x~~~~Y~sTAL.
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A

p.p’-  CDT
Tvlrimn)

rj a. GLC sesmtion  on to?‘, DC-200 column  of (A) JZ ng Arbor  1254. (8) zo ng .tior 1~60w --.-.e .-..and (C) 20 ng ~rodor  I&Z. CLC conditions  arc gtten unrirr  urarbrks.n-
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ATTACHMENT III_’Lc‘.- . ..jI-;-.. . Quantitative Perchlorination of Polychlorinated  Biphenyis as a
Method for Confirmatory Rqidue Messerement and Identifiq&on. .

JUDITH  A. ARMOUR
Division of Chemical  Techlogy,  Food and Drug Adwtinistrdion,  ~adzin@n, D.C. 2020-j

The perchlorination procedure  for deriva-
tiza tion of PCB6 described by Berg. Diosady,
and Rees has been modified  to achieve  a
micro-scale quantitative  conversion  (greater
than 90%) of commercial  PCB preparations
(Aroclors)  to dmchlorobiphenyl.  Cleaned  up
ssmpit extractr  eontaining PCB residuea  (l-20
H) are allowed to react  with antimony  penta-
chloride  in the presence  o f  chloroform to
form decachiorobiphenyl. This procedure  am-
vtrts P multicomponent  mixture to a dngit
derivative detectable by electron  capture GLC,
thus providing  an easy method for qurnti-
tating and identifying PCB residues  and at
the same time increasing  the sensitivity  of
deteetion. The usefulness  of the perchlorina-
tion procedure  is demonstrated by comparing
results  for environmentally contaminated
samples  quantitated  by 2 methods:  by mtas-
taring  the total area of the electron  capture
response for the residue  against the Aroelor  it
most closely resembles,  and by measuring the
single  peak of the deeachlorobiphenyl deriv-
ative and expressing  the results  in terms of
the particular Arocior.

Analytical  methods  normally employed for the
extraction,  cleanup,  and detection  of polychlo-
rinated biphenyl (PCB) (l-3) residues  are gener-
aUy  those used for organochlorine  pesticides  (4).
Quantitative  values are usually obtained by mea.+
uring the total area of a PCB residue response
as shown on a gas chromatographic (GLC)  tracing
using an electron capture or microcoulometric  de-
tector and comparing it with the total area of a
similarly obtained response  of the commercial
PCB preparation (Aroclor@)  (5) it most closely
resembles (6). This has proved  to be a practical
procedure  for quantitation;  however,  it is limited
because  of the lack of sensitivity,  the multicom-
ponent nature  of PCB residues, the alterations  in
residue pattern ss a result of metabolic and envi-
ronmental  changes,  and the need to rely on com-
mercial Aroclors  as reference  materials.

Procedures to convert  all PCB compouents to
a sin& derivatrve,  e.g., biphenyl or decachloro-

Rumirmd  November  14. 1272.

biphengi (DCB),  that is indicative of the total
PCB residue  and that could be used for quantita-
tive purposes have previously been reported (7,
8).  In this study, the perchlorination procedure
described  by Berg,  Diosady,  and Rees (7) has
been modified to achieve  complete  conversion  on
a micro-scale  of ail PCB components  in a cleaned
up sample estract  to decachlorobiphenyl, thus
providing a qualitative  and quantitative con-
firmatory prooedure  for PCB determination.  A
quantitative value obtained by measuring the
single GLC peak of a DCB  derivative  against  a
DCB standard  of known  purity  reinforces  the
residue  value achieved  by the measurement  of a
multicomponent  PCB residue. It also greatly  in-
creases the sensitivity  with which PCBs can be
detected  and measured.  Neasuring  the single
GLC response  for DCB will  also minimise neces-
sary analytical  judgments  involved  in the physi-
cal measurement  of the GLC curve  of a multi-
component residue  (i.e., position  of baseline  and
method of integration)  and in the discrimination
between PCB and non-PCB components.

Reagent-s

METHOD

(a) Antimony  pentuchhide.-Allied  Chemical  Re-
agent Code 1363.

@) Sodium sulfate.-Anhydrous,  granular. It may
be nw to wash with acetone and ethyl  ether to
remove electron-capturing  substances.

(c) HCL4N  (1 + 1 dilution  of concentrated HCI
in water).

(d) &&nz %&on&z.-10%  B~WOUS  solution.
(e) S&en&.-Hexane,  chloroform, and methanol

suitable  for use in pesticide residue analysis; distilled-
in-glass  product  is satisfactory (available from Bur-
dick and J&son L&or~toties  Inc., 1953 S. Harvey
St., Muskegon, Mich. 49442).

(a) vacuuol  hyddya+J  tube.--150 x 10 mm od
with No. 4 Teflon valve (Kontea Glass Co.  No.
K898860-0004)  or C&us Pyrex combustion tube,
200 X 8 mm id, 10 mm od (timing No. 8640).

@) Silicone  oil bath and Whg ekment.-Capable
of maintaining temperature at 165-175°C.

-.  ._.. ,_ - ,. - . - .L .__ ._ ._ _ -  . . - ,- -.$..-.....-e
.: _.___._r . .:. .T.-T.”  . . -.. . -., .
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(c) Kudema-Danish  evaporative concentrator.-
With Snyder column and collection tube,--ml
c.sps& (Konte Glass Co. No. K5470090,  or equiv-
alen  t) .

(d) MiocGnyder  column.--+ 19/22, column size
2-19 (Kontes  Glass  Co. h’o. K569001,  or equivalent).

(e) Gas &omatograph.-Equipped  with concen-
tric design electron capture detector operated at a dc
voltage to produce s full scale recorder deflection
for I ng decachlorobiphenyl when full scale deflection
is 1 X 10-r amp, and 6’ X 4 mm id glam  column of
either: (1) 1 y< OV-101 on 100-120  mesh Ges-Chrom
Q (W. W. Wiencke, 1972),  120 ml nitrogen/min  car-
rier gss, column 22O’C,  injector 230°C  detector
200°C;  (2) 3Sc Dexsil  300 on 100-120 mesh Gas-
Chrom Q (W. W. Wiencke, 1972),  60 ml nitrogen/
min carrier gss,  column 24O”C,  injector 250°C  de-
tector 200°C.

Perchlorination Procedure

Extract and clean up sample to be perchlorinated
by procedures (such as the FDA multiresidue pesti-
cide procedure (9)) leaving the residues in solvents
that can be selectively evaporated from chloroform
(6% ethyl ether-petroleum ether from Florisil  or
petroleum ether fraction from silicic acid). Transfer
1-2 ml cleaned up extract containing l-20 rg PCB
residue to vacuum hydrolysis tube (a) (Carius tube
may be substituted). Add several drops chloroform
and 1-2 20-mesh  Carborundum chips, and reduce
volume to 0.1 ml by carefully heating tube on steam
bath. Let tube cool to room temperature, add 2 ml
chloroform and I-2 Carborundum chips, and reduce
volume to 0.1 ml on steam bath. Bepeat  addition of
chloroform,  concentrate  to 0.1 ml, and cool to room
temperature. Working in well ventilated hood, care-
fully add 0.2 ml antimony pentachloride to tube.
Immediately seal tube tightly to ensure closed  sys-
tern reaction. (Note:  It.may be necessary to cool
Teflon valves in ice before fitting into vacuum hy-
drolysis tube. Narrowed bottom of valve should fit
flush against constriction in glass when sealed.  Car-
ius tubes should be sealed  in an oxygen flame.) Im-
merse tube 2-3” in oil bath heated to 165-175°C  and
let reaction proceed overnight (ca 15 hr). Remove
tube from bath and cool to room temperature. In
hood, and while pointing the venting side arm of
vacuum hydrolysis tube away from face, open by
slowly unscrewing valve and pulling it out of tube.
(Carius  tube should be scored with a file and snapped
open in hood at arm’s length away from face; use ex-
treme precaution since there is a rapid release of
pressure and sometimes splintered glass.) slowly add
I ml 6N HCl to reaction mixture, tap tube lightly to
mix, and quantitatively transfer mixture to 30 ml
Bzpm%tory funnel, rinsinp  with severd tlmall  potions
of Ha: use a toti of 5 ml 6IV HCX (N&c: It may be

. ..-.. _ -I- .

necessary  to rock tube back and forth or t&p gently
in orde?to  drain.) Rinse reaction tube with tieral
small portions of hexane, using a total of I5 ml he%
ane,  and quantitatively transfer rinsings to the 30 ml
separatory funnel containing the HCl.  Shake funnel
vigorously 1 min; let layers separate. Drain lower
HCl layer into second 30 ml separatory  funnel con-
taming 15 ml hexane and shake 1 min. Drain HCl
layer into third aeparatory  funnel containing another
15 ml hexane and repeat extraction. Discard HCI
layer and combine the 3 hexane extracts in 125 ml
separatory funnel. Wash hexane extract successively
with two 20 ml portions of water,  one 29 ml volume
of 10% NaHCOa  solution, and finally  2 additional
20 ml portions of water. Discard  all weshes.  Dry
washed  hexane extract by passing  through  2” col-
umn of anhydrous  sodium sulfate and rinse column
with 100 ml hexane, collecting hexane extract and
rinse in Kuderna-Danish concentrator. Add few
drops methanol and concentrate on steam bath  to ca
3 ml. Separate volumetric receiver from conoentra-
tor, attach micro-Snyder column to receiver, and
concentrate extract to final volume <0.5 ml to re-
move traces of chloroform. Dilute to suitable definite
volume for GLC determination. Perform GLC assay
and calculations as described in Dish.

Di.mudon

The micro-e&e  perchlorination  procedure  of
Berg, Diosady,  and Rees was evaluated  to deter-
mine its utility as 8 routine  laboratory  procedure
for confirmatory  PCB qua&t&ion.  Parameters
for quantitative extraction  o f  DCB  from the
reaction mixture were not clearly defined by these
authors and needed to be established prior to
testing  the procedure  for reproducibility.  Even
after we developed a method of extraction  that
would recover greater  than 95% of DCB  standard
from the reaction mixture, perchlorination  using
the reaction conditions  of Berg et al. resulted in
90-1000/0  conversion of Amclor 1251  to DCB but
only 30-700Jo  conversion  of Aroclor  1242.  Condi-
tions contributing  to inconsistency in behavior
between Aroclor 1242  and Aroclor  1254  needed
to be determined  and modi6cations  needed  to be
made to achieve conversion of all PCB compo-
nents  in the various  Aroclors  to DCB.

PerChlOt-irUrt*m

The perchlorination  procedure was designed  for
use following  extraction,  cleanup,  ancillary (eepn-
ration), and detection procedures used  in multi-
pesticide residue methodology. In the Berg  et ol.
procedure,  cleaned up extract.s  containing PCBs
were evaporated  to dryness before  reaction with
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antimony pcntachloride. The observed  nonrepro-
ducible. conversron  of Aroclor  1242  to DCI&$th
the original procedure  is attributed to volatiliza-
tion during evaporation to dryness of the lower
molecular  a-eight PCB components present in
Aroclors  with less than Ssc chlorine  substitution.
To reduce the loss. evaporation  is discontinued
while a small amount  of solvent (0.1 ml) still
remains.  However,  this limits the t.ypes of sol-
vents which can be used since they may interfere
during the perchlorination step. It was found that
solvents  with more than one carbon atom reacted
esothermically with antimony  pentachloride  to
form a solid  black product.  Chloroform as the
solvent,  however,  minimized  volatility, reacted
favorably at the given conditions, and permitted
selective  evaporation of all solvents used in ciean-
up and separation  procedures.

Perchlorination is accomplished  in a sealed re-
action tube at elevated temperature  and pressure.
Increased  pressure produced  by the presence  of
chloroform  vapors  increased  the hazards  of han-
dling the Carius tubes recommended for use by
Berg ef al. In place of the Carius tube that re-
quired sealing in en osygen flame and careful
opening,  a reaction tube with the same volume
specifications,  tight Teflon  sealing valve, and
venting side arm is recommended  for use (see
Fig. 1).

Parameters for estraction of DCB from the re-
action misture were  developed to completely
recover  (greater than 950Jo)  DCB standard.
Traces of chloroform  present in the extract  must
be removed  before electron capture GLC deter-
mination. This cantbe done by adding methanol
which forms an aseotrope with chloroform  and
evaporating to a small volume before  diluting.
The resulting extract  is sufficiently clean for elec-
tron capture GLC determination  of DCB.

In esperiments designed  to determine  the feasi-
bility of a shorter reaction time, iron wss tested
as 8 catalyst.  One mg samples of Aroclor 1242
were reacted and extracted  as described for over-
night  conditions except that 2 mg iron powder
was added after the addition  of antimony penta-
chloride,  the tube was sealed,  and the sample  was
reacted for 4 and 6 hr. Results  are discussed
under &Eovener.

By-products that would interfere  with quanti-
tative derivatisation  were not evident in our
perchlorination experiments;  however,  D. L.
Stalling (1972)  has found that e brominated  by-
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FIG.  I-V8cuum  hydrolysis  tub8 rocommondod for
soalod system  reaction: A. dimensions 1J mm od X 199
mm: B, tight  Teflon  soling  valve;  C, venting  side  arm.

product is formed  when the antimony  penta-
chloride is contaminated  with bromine.  Care
should be taken  to avoid use of contaminated
antimony  pentachloride.

GLC systems suggested  for DCB determina-
tion are those originally developed  for the detec-
tion of polychlorineted  terphenyls  (a. R.
Wiencke,  1972).  At GLC conditions given in the
Method, DCB elutes in 3-4 min on the 1% OV-101
column  and in 12 min on the 3yo Dexsil300 col-
umn. These fast eluting  systems produce in-
creased GLC sensitivity  to allow easy detection
and quantitation of as little as 0.2 ng DCB.

Quantitation

Although the perchlorirmtion  procedure  has
practical applications in PCB quantitation,  it is
not meant to completely replace  procedures nor-
mally used for this purpose.  The analyst should
still be aware  of the identity of the wntaminating

. . -.  ._-. -  ..- - ---..  _ . . . _ .m .-a- -.  .-. ..e--. _. . _______ -..~ ,._. -we *.,;I*. -.-.- I- -.-_  .-
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Ardor(s),  the presence of other  re&iibich
could interfere, and any alteration  in Aroclor  pat
tern which may be due to metabolism and/or
environmental exposure. This information  may
be useful in tracing the source  of contamination
and may have toxicological  significance.  Some
laboratories may wish  to express  residues in terms
of ppm DCB in order to establish a uniformity  in
their reporting. However,  when the procedure  is
used for quantitative confirmation, DCB is ex-
pressed in terms of a specific  Aroclor by using a
factor for mathematical  conversion.  The factors
used for converting DCB  to the equivalent  con-
centration  of a specific  Aroclor  are derived by
assuming the reaction to proceed  as follows:

Cl lC1 1

Cl 0 0 Cl66
Cl Cl Cl Cl

where n = number of chlorines  = approximate
whole number of chlorines  calculated from per
cent chlorine  substitution  for a specific Aroclor
(see  Table 1). The approximate whole number  of
chlorines  in a specific  Aroclor  was chosen  for
calculations, since Aroclors  are commercial prepa-
rations  and the actual  per cent chlorine may vary
from the theoretical for each lot. Tbe factor for
each Aroclor  (see Table 1) is tbe ratio of amount
of Aroclor  necessary to yield one unit of DCB:

X = factor  fo; expressing DCB as a specific
Aroclor

‘X = molecular  wt Aroclor/molecular  wt DCB
(499)

Calculations for measuring PCB residuea  by
GLC based  on the DCB derivative  formed and
converting mathematically  to express  tbe residue
in terms of a specific  Aroclor  ara:

tDCB peak bt sample/DCB  peak ht at& x ng
f5td injected = ng DCB in sample injection

ng DCB in sample  injection x factor  for ape-
cific  Aroclor  (X) = ng Amclor  in aample
injection

(rig Aroclor  in aample lnjection/wt  aample  in-
jected (mg)) - ppm hxlor  in aample

ThLpevwmapraraDtsdstthbeBJm~mInd~
ChanicrL u Food  Coataminsn~  at the 86th Ammud Ymtimg
d the AOAC. Dct.  9-12,  1972, at WssGgum,  DE.

JoVBNAL OF THE AOAC (vol. 56, No. 4, 1973)

Table  1. Factors to msfbomsticslly  &A
docochloroblphonyt to an l qulvaiont

smount  of Aroclor

AWCl0r Av. No. Cl WV- xc
l221 1
l232 2
1242 3
1016 3
1248 4
1254 5
L260 6
1262 7
DCB 10

188.5 0.38
223 0.45
257.5 0.52
257;s 0.52
292 0.59
326.4 0.65
361 0.72
395.3 0.79
499 1

* Avemgs  whole number  of chlorines  cslculsted  from
per cent  chlorine  substitution  for a specific  Aroclor.

b Molecular  weight  of Aroclor  based on the svamge
whole number  of chlorines  cslculsted  from per cent
chlorine  substitution..

e X - molecular  wt Aroclor/moleculsr  wt DCB (499).  To
convert  ppm DCB  to ppm of a specific  Aroclor. multiply
ppm DCB  by X for the Aroclor.

,

Tsbls 2. Per cent conversion of 1 pg PC6 to
docschlorobiphenyl st overnight conditions

Aroclor Trials Range, % Avemgc.  %

1242 10 90-105 97
1016 5 87-105 95
l248 5 96-102 99

z 5 5 95404 90-95 100 93
l262 3 89-103 95

Re-ries

To determine the per cent conversion  of spe-
cific  Aroclors  to DCB, a series of 1 fig of 6 daer-
ent Aroclors  was allowed to react at the given
overnight conditions and was extracted  as de-
scribed.  Tbe  1% OV-101  column was used for the
gas cbromatograpbic determinations.  Results  are
given in Table 2. Tbe method demonstrated  good
reproducibility for quantitative conversion of the
6 Arociors  to DCB with results ranging from 87
to 105%  and an average recovery  of 97Yc.

In the experiments with aborter reaction times,
10 trials  with 4 br reactions using Arocior  1242
gave a wide range of results, although  the average
conversion  to DCB was f#&. Trials  with 6 br
reaction  gave results falling in a much narrower
range and averaging 102% conversion.  Results
from these and experiments using tbe 6 Amclors
at 6 br conditions are given in Table 3. The per-
chlorixmtion  is quantitative (89% average con-
vuraion  for 6 Amclors)  aud reproducible (range
88-110%)  for 6 br reaction with iron catalyst  but
offers little advantage over the convenient  over-
night  conditions.
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In order to determine the behavior of the per-
chlorination procedure  in the presence  of e_xkacts
of fatt? samples,  3 g samples of chicken  f&-zd
corn oil were  extracted  by FDA multipesticide
residue methodology (9). The 6% ethyl  etber-
petroleum ether fractions from Florisil cleanup
were  fortified with Aroclor  1242  at 6.7 ppm.
Tbree aliquots of the cleaned up chicken fat, each
equivalent  to 0.15 g fat, and 2 samples  of the
cleaned up corn oil, each equivalent  to 3 g, were
perchlorinated at overnight conditions with aver-
age recoveriesof  107 and 96%, respectively. These
results show that the method can tolerate  cleaned
up extracts  of up to 3 g samples of fat and can
handle 1-20  ~cg PCB.

Application8

Samples  of fresh chub,  fresh sturgeon, and eggs
environmentally  contaminated  with PCBs,  and
chicken  fat fortified with PCBs were extracted
and cleaned up by FDA multipesticide residue
methodology (9). Where  necessary, PCBs were
separated from pesticides  by chromatography  on

Table 3. Per cent convrslon  of 1 fig PCB to
docschioroblphonyi  with iron utslyst and

6 hr reaction

Aroclor Trials Range, 96 Avemge. 46

12= 10 78-90
l242 10 SllO lT2
1016 3 87-95 92
Ku) 3 95-100 WI

z 3  3 96-106  91-106 103 98
l262 3 83-107 93

* 4 hr reactIon.
1

Table  4. PfZB  residue revels in l nvlronmontaily
wntsminstod  ssmples  obt8inod by 2

different methods of qusntltstbn

Residue,  ppm

Ssmpie

BY
Ref. total

Aroclor ems

By DCP

Trial 1 Triei 2

Chub
Chub
Chub
Chub
Sturgeonb
um
Chicken  fstc
Chicken tef

I.254 3.5 4.2

l264 3.4KS) 4.2 ::f

1254 3.41248 26.4 2tt
1242 1.1 6:)

28.4
7.1

1242 4.6
ma L.9

l Expressed se refer- clloctcw.
b Residue  is re@orted  on 8 fat bssis.
* Ssmptss  fortified  with  Aroclor  for an interisbomtwy

tidy.

- . . ..-.. --... .- .- -_..  _ _ r .- ,. . ._-.

silicic acid.  The PCB residues were  quantitated
on electi- capture GLC with a 10%  Dp@O
column  (9,lO) by comparing  the total area df the
residue with total area of the Aroclor  reference
with most similar GLC pattern.  Aliquots of the
SC”, ethyl  ether-petroleum ether Florisil eluate
equivalent  to 3 g chicken  fat, 0.2 g sturgeon fat,
and 0.2 g egg were  perchlorinated for qualitative
and quantitative confirmation. The residue  level
reported for each  sample  after percblorinatioa
was determined by measuring  the DCB deriva-
tive (lye OV-101  column)  and matbematicaily
converting it to the equivalent amount  of the
Aroclor  used as reference  in the total area quauti-
tatioa. Comparison  of the residue levels obtained
by the 2 determinative  procedures  is presented
in Table 4. Results  obtained by the 2 methods  of
quantitatioa  are in close  agreement, demoa-
strating the practical application of the per-
chlorination procedure  for quantitative coufirma-
tion. Gas cbromatograms of an egg sample
(Aroclor  1242)  quantitated  for PCBs as a multi-
component residue before  perchlorination and as
the DCB derivative  after perchlorination are
sbown  in Fig. 2. In the case of the chub samples,
the extracts  containing residues  of both PCB and
DDT aualogs were separated on silicic acid prior
to quantitation of the multicomponent  PCB reai-
dues. Aliquots equivalent  to 0.3 g chub from the
silicic acid petroleum ether (PCB)  fraction  were
perchlorinated  and results are compared  (see Table
4). Gas cbromatograms  of a chub’sample  quauti-
tated for PCBs (Aroclor  1254)  as a multicompo-
sent residue before perchlorination and as the
DCB derivative  after perchlorination are shown
in Fig. 3. Figures 2 and 3 also illustrate the in-
crease in sensitivity  obtained by perchlorination.
For approximately  equivalent  peak heights on
GLC only about  & as much of the egg sample
(Amclor 1242)  and fa as much of the chub sample
(Aroclor  1254) were injected after perchlorination
as was needed before  percblorinatioa.

Organochlorine pesticides,  if present in a sam-
ple, should be separated from PCBs prior to
derivatizing  the residue  to DCB. Pesticides such
as DDT  may be chlorinated  to derivatives  other
than DCB. Preliiiuary  studies abow that per-
chlorination  of DDT  itself results in the forma-
tion of several  derivatives  which are separated
from DCB on tbe 3% Dexsil300  column at the
specified conditions and do not interfere.

_---._ -.- _... -. ..,. ., . - -
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‘s h t5 to a 3b

: mllluts
FIG. 3-GLC curws d chub sampk  ukuktod  aa 3.4 ppm PCIs (as Aroclar 1254)  befom parchlorlndon  and UC
cukted  et 4.2 PCBs  (as  ~mclor  1254) dtu perchlorindion: A, 1.5 mg aample (5.1 ng Amclor 1254). potrokum other
eketo from l llicle acid bofom  pwchlorbtatim,  10% DG200  column (9.10); 5. 0.15 mg umpk (0.63 nc o@valmt
Amclor 1254). patroloum ether efu8ta  lrom Jlkk meld  aftor  porchlodnatlon.  1% OV-101 column. QLC condltkm
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ATTACHMENT IV

Limitation on the Use of Antimony PentachIoride for
Perchlorination of Polychlorinated Biphenyls

-:xYc c..
WILLIXM J. TROT&R and SUSAN J. V.  YOUNG

*_

Dialjion oj Chunktry  and Physics, Food and Drug Administtatton,  Washington, DC 2OZO4

Two contaminants are presrnt in rommer-
cinliy avaiinble antimony pentachioridr  (SbCIJ)
used to perehlorinatr  polychiorinatrd  biphcnyls
(PCBe)  lo decaehiorobiphcnyl  (DCB).  DCB ir
found in thr SbCls perchlorination  reaction
blank in which no PCBlr were l ddrd. Bromo-
nonachlorobiphenyi  (BNCB) is found after UK

of SbCls  to perchlorinate  PCB; Levelr of DCB
found in the SbCls reaction blanks from vari-
ous distributom ranged from 8 to 972 ng DCB/
ml Sbt&.  The relationship of the formation  of
BNCB to amounts of various PC3 Amclom
perchlorinated  is examined.

Polychlorinntrd biphenyl (PCR..) rrxiduw arc
estmctrd.  rl(*;tned  up, and cl(*trc.trfl  hy methods
<imilnr  t 0 t ho*c  II.W~  for or~:trwrhlorine  pesti-
citlw. PC%  rcsidiw ;tre  qrlnntit:itiwl!.  d e t e r -
mined br comparing the ~:whquid chromato-
graphic (GLC) response of the multiromponent
residue and commercial P(‘Bs (.4roclor@)  or a
mixture of ;\rociors prodwinE a GLC response
pnttrrn  similar to that of the rwidue (I), This
;cppronch  is limited becaur~  the muiticotnponent
PC‘B rwidw may not have  the zame propor-
tional composition as the .4roclor or Aroclors
used aa the quantitation rrferenre. Rwidues  can
be composed of mistures  of chlorohiphenyl rom-
ponents  fram more than 1 .4rwlor.  bfetabolic
and other environmrntnl fnrtors rompiiwte  the
deqription  of the PCB rwidue’ romposit  ion.

There hap been considerable work to dcveiop
methods to convert the muiticomponent PCBs
to a single  derivative on which tn base the tesi-
due drterminntion.  Prrwdures  have been re-
ported to catalytically dwhlnrinnt~ PCRs with
hydrogm  over palladium or platinum to bi-
phenyl, ryclohe?rylbenzene. a n d  bicyclohexyl
(2. 3). .4 principal disadvantage with that pro-
cwirlre  is  that the hydrocnrbon product  is
ci~~tcrmincd  with a GLC flnmr ionization detec-
tor. rwulting  in low sc’nsitivity. .I\ttcmpts  hnvr
bwn made to convert PCHs to the fully chlar-
inxtrd derachiorobiphenyl (DCR) (33).  A r -
mour (61 reported optimum conditions for per-
chlorinating PCBs with antimony fwttnchkwide

(SbCI,). The met hod provltl(*s  a qualitat  we
confirmxtory prowdurc  for PC’R  determination.
The GLC eiectron capture detector response iz
enhanced because total PCBs are manifested as a
smple peak for DCB. In measuring the Pingie
peak for DCB the analyst is not faced with
analytical judgments such as baseline correction,
methdd of integration, or discrimination between
PCB:  and non-PCB componcttts.  However, it is
necessary to be aware that the vsriotts  .4rnclors
give rise to different equivalents of DCB (6)
and that the nonchlorinated biphenyl (also used
as a fungicide) is perchlorinated by SbCI,  to
D C B .  Sonetheks.  wing t h e  perrhioritwrwn
dcriv:~tiz;ttinn can reinforce the residue ~:IIIW
d~rrrmturd hy mmrurinc  2 mttlticottll,ollrllt
I’C‘R  rwdur.

Drtrinp attempts t n apply the perchlc~rin:~tinn
dcrivntizatinn  in dctermitting low residur 1w~i~
of PCB and make use of the incrwwd  clrrtron
capture reqxmse to DCB, 2 ContantinantP wtw
indicated which led to erratic rwovrrim  of WI3.

Experimental

ReaRen& and Apparatru

(a) Anhnony  pentachZotide.-Hooker  Chemicai.
Niagara Falls. ST 14302 (received in &ass  hottle
with lead-lined rap) ; Mntheson Coleman d; Bell
(MCB),  Sorwood,  OH 45212 (reagent grade)  ;
B&.4 (Allied Chemical). hlorristowt, XJ 07960
(wapnt grade. 99%)  : Research Organic-Inorpamc
Chemiral  (ROC-RIG).  Beilevillr, S J  0 7 1 0 9
@999%) : and J. T. Baker Chemical. Phillipshure.
NJ 08865 (Baker Analyzed Reagent).

(b) &s c~romnlngmph.-~arle-.4nal~tir  (Des
Plaines. II, 600&3)  Model 5360 with 6’ x 4 mm id
plass column ContaininK 15 OV-101 on 80-100
mesh Chromceorb  W (HP). @crating  ronditions:
column flea. 60 ml nitrogen ‘min: column, 202OC:
drtwtor.  !20!Z°C:  injwtor. 225°C; pin-cup  denim
&rtron rapture detwtor  with titanium “H foil:
tirtwtor  roltnpr (c*orwt:mt  dr) adjusted to rnuhr
one-half  full sralr rtwwdw ticflet*tion  for 0.7 rip
DCB when  iufl nralr drfleetion is I X lo-”  amp.

(c) Moor ~partrome~rr.-Varirn %fbT  (25  Route
22 S~wiagfield.  NJ 07&X)  CH5-DF  mass spertrom-
et,er WS) coupled to Varirn Aerograph  2740 gas

,
. .
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Resuhr  and Discussion

.i pwii identirnl ttr tlinr nf DCR wn9 fortnci
111 t hr mart u-m hl:tnk f o r  t hr .Armottr  perchlor-
lnntion prowdurr  (6) wtt h rhe dwribed cI1.C
opernting ronciitiow. The iclrtttifir:~rint~  of DCB
was confirmed by C,LC-11s r~f 3 hesnnr cstrnft
ni :I hydrol~xeri wmple of Sl)(‘l.,  which hnd not
hwn s;rtl~jcrtrd  ICI  I hr prrrhloritt:ttion prw’yhtrr.
Vnriow  qrtnntitiw (0.2-2.0 ml) of PM?, from
t hr 5 romntwctn1 iclttrtv ww rximittrli  to dr-
trrminr thr prcwtw of DC%.  Shc’l.,  :IIIWC  ww
c~rrtrci  t Irrcittrrh  thr perchlot~in:ttintt  rrnrtion  (6)
rwrpt  t h:I t no C’HCI,, WI- Iwwttt wtth ShCl.,
III the rvwrtott  VW-PI  DC13 IV:I~  determined h!
CILC’.  Tnhle I list.< the nmnttttti of DCR found.

.\fter  prrchlc~rirxtt  me IY’B~ wth ShCl.,.  :I
wv-idar\-  prnk wit II :I C,T.C’ rrtrtitioir time rcln-
~IVP to DC.13 of I 31 n’:t- ohwrvr(l simil:tr to that
rrportwl h!. Hurkin-  fit nl. (il. This lntrr elutine
peak is wwt tn Fig. 1. t hr rhrnmnroernm from
+hr 0.2 m l  shhcl, (Hookrr  (‘hcbmicni)  pewhlor-
inntion of 0.50 ,,g Arcwlor  12Zl.  This peak ws
fwnd when SIKI, from mrh .suppiicr  ww used.
1’hc pe:tk  wtz:  detrrmtneci  hy GLC-1IP to he dnc
tc, hromorlonnrl~lc~rr~hi~~l~rt~~l  ( HY(‘R)  BSCR
wr-nz wsumrd  to lw n rrlmprtine product  with
lX‘B RrktttR f rom :I snr:tll  :II~~I~IIII~ of PhU,Rr
tn SW.,. -0 pnr;tmrtrr;  rpi:ttinr t o  1w.+ihlr
limitations of the pwrttIorin:t~ion  ~~rowrhtrc  werr
-trttiwcl. 1’:triow qunnrttim (0.5:lfl  w) o f  Aro-
clorz:  1111. 1X?. 19.54.  nnd 1960 in CHCI,  were
perrhlorinnteci.  Recoveries  of DCB  and es;timates
of thr rrintive  nmarmtc of RSCR  formed are
riven tn Tnl)l~  2. C’slrrtkttion  of the relative

Tablo  1. DC0 (no/ml)  formed from rwtous
amounts of SbCls

SbCI~.  m l

Supplier 0.2 I.0 2.0 Au.

Hooker Chemical 37 U 47 13
MC6 35 42 38 38
66A 96fJ 1W 913 972
RDC-RIG 12 13 K l.2
J. 1. Baker 9 3 7 8

i io io
#IN

FIG 1CIrtron capture GLC curve  from the 0.2 ml
SbCl.  (Hookr Chemiul)  perchlorinetion of 0.50 bg
Aroclor 1221:  0 . 5 1  oquivol*nt  Amdorng 1221 injoctod.
Poak  1 npr-ts  0 . 8 1  DC& Peakng 2 mprosonts

0.28  ng 6NCI.

nmonnfs oi HSC’B  lw)clttct  formed WI- 1x1-ctl
on rompnrsntl  of the dwt ran  c:tpturc~  GLC’ peak
hricht of BSCB with 111:11 of n DC’B  rdwmce.

The amount of IX ‘R dvtrrminrd in rhc rwc-
tion binnk  ww dirwtly propctrtinn:tl  t o  t h e
nmormt  of ShCl, used (T:tl)lr 1). Thiz indic:ttes
%<‘I,  ww thr conrrr o f  thr DCR 2nd thnt
ront:lminnt ion from CII her possible sottrws dar-
ine: t hr perrhlnrin;ttinn  ws negligible. The pro-
ccdwr  f o r  perrhlnrin:~ting  PCR+ qwdim t hr

use of 0.2 ml FIK’I,.  %(‘I, produrine  ,$-X,3 ng
SbCl,/ml in thr rmcrion Iklnk  wnrtid  add O.5-
VI pph. bnwci  on :I 3 c wmplr.

DCB  proclrtrwl in the rc:tctiwt  lk~nk wnl: w-
~ttmcfi to ronw frnm PCH rontnminnticw  o f
SM’I,. In nn effort to IW:ICC  the origin ni this
contnmina1ion,  SbC1,  hoot  tic closures were invest i-
gated. GLC analysis of hesnnr. in which the
plwtic  caps were snaked for 4 tlxy.2.  did not
rcvenl  PCBs.  H o o k e r  Chemicnl. the solr+ &I-
mwtic source of ShCI.,.  eupplied SW!. in gkt=
bottles with lead-lined caps. This  bulk  supplier
of SbCI,  indicated that the production of rhlo-
rine in carbon nnode  balf-cell~  with lin.sred  oil
or other organir  hinders fnrms certain organir
rompnunds  : however,  the destructive nxidntire
environment in tllr elwtrolytic  ceils  n-n&l  makr
the production of PC’B  unlikely ns  a result of this
pathway. On the other hand, antimony metal is
commonly obtained IIS  :I metrllurgicai  hy-prod-
wt by carbon reduction of its oxide: therefore.

j . ..
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Tablo 2. DCfl and BNCE from ~orch~orln~tlon  of
various Aroclors  wrth 0.2 ml SbCil”

.

DCE BNCb DCB  -t BNCB’
Amt. WCCI. recd. combmcd

Aroclor pg % 96 rec. 76
--. _- - - _ . - -

. .
. . 1260 10 86 0 86

1254 10 84 0 04
124’ 10 88 4 92
1221 IO 61 16 83

1260  a 0 81
1254 4 ifi 0 80
1242 4 78 8 86
1221  4 70 18 08

1260 0.5 09 2 91
1254 0.5 78 6 a4
1242 0.5 72 10 82
1221 0.5 60 19 79

a Hooker Chcmtcal  SbCI,.
D Quantity calculated by comparason of electron CW-

turt GLC  response to BNCB vs. response to DC8 refcr-
cncc standard.

I! is conccivnl+  that PCT.~ could he ns.+riatd
wth  the antimony  met:11  rmplnyrd  in ttw SbCI,
procw;. S o  hcnt tmnsft=r  sptenw  conlnining
PC%.- :ITC  rwwl in either thr rhlorine or SKI,
production  f:lcililir.~, :~rd Shc’l, dnes not come
Into COII~:IC?  wit 11 111~1  iw in the m:umf:wturing
opw:ltion  o r  in sllitqnng  rcwtnincr?;  ( fhokcr

(‘hrmicnl :1n11  l'ln?;t~~s  (‘orp.,  1X-l.  privntc com-
rnimjra~  ion )

One of the major ndvnntnces of perchlorina-
tion in determining minute quantities of PCBs
is the inherent increase in effective GLC deter-
tor response. Contaminated SbCI,,  as described
here, would preclude its use in many of these
casea.

(1)

(2)

(31

(4)

(5)

(6)
(7)
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. ADDITIOXXL  INFORXXT1014  03: THZ BE1IAVlOR OF POLPCHLORIKATED  BXPIIEX

AND POLY CHLORIKATED TERPHENYLS  IN RESIDUE  ~1ETHODOLOCY

BY’

Los Anseles District
B u f f a l o  D i s t r i c t

.Division of Chemical Technology .

.Xnterest  h a s  continued  to grow i n  the analytical a s p e c t s  of
~olychlorinared  3iphenyls and terphenyls  (PCB/PCT). Emphasis

on the identification  and ELtasure3ent  of the residues
themselves  h a s  surpassed the original concern  of preventing
t h e i r  interference in pesticide residue  analysis.

Experimental  investigation ;nd industry  - c o n t a c t  has led to
e l u c i d a t i o n  of compo,ition  of several Aroclor  reference
materials. In addition, a number  of short term studies  w e r e
d o n e  to deterain?. thi- behavior of Aroclors in various
an.llytical procedures, and tie responses  of several GLC
detectors t o  the chlosine content of Aroclors  were compared.

L
. .

.
Experimental  data presented ;lere w e r e  collected  by: Herbert
Hasumoto  and Zilton Luke o f  LOS A n g e l e s  District; Robert

*V. Hoffman of Buffalo District; Judith A r m o u r ,  J o h n  R o a c h ,
Winfrcd  Wiencke, a n d  S u s a n  Y o u n g  o f  D i v i s i o n  o f  C h e m i c a l
Technology; and compiled  b y  Bernadette EfcNahon o f  DCT. l

A r o c l o r  1232 Reference  M a t e r i a l
err .

l New i n f o r m a t i o n  o n  t h e  m a n u f a c t u r i n g  p r o c e s s  f o r  A r o c l o r
1 2 3 2  sheds l i g h t s  o n  t h e r e a s o n  f o r  the diffcrcnces  a m o n g
t h e  c h r o m a t o g r a m s  o f  s e v e r a l  s a m p l e s  o f  1 2 3 2  o b t a i n e d  from
M o n s a n t o  at diffLrent times. Zt has been rcvealcd t h a t  uhan
Aroclor 1232 was being manufactured for sale ( it  1s no longer
availnblc), i t  w a s  n a d c  b y  c o m b i n i n g  amounts o f  hroclors 1 2 2 1
a n d  1 2 4 2  u n r t l  the misturrr con.aincd  32:: chlorlnc b y  w e i g h t .
TItis inforn3tion  cxpl:lins how Ft is p0ssitllc that the gas
chronztc*~rzn:;  o f  5031: !Lts 31 hroc1c.r  !231 YizfCrCnCC  :1,7ti:rfa?!:
have rcscmb  ir?d c11foul~~o~:r;4n~s  o i  Ik!sZ,. and 0 1. ir c r 0 ti av c 010 r L’
Closely  resembled ctrromat‘ogrnms  of 1221. L . *

. . .
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It is probab1.e  that the manufactured  lots of Aroclor 1232
varied in comppsirion  from one to,anothc.r-*
rcsiducs or’ Aro.clor  1232

---r For this .reasoh$,
t that nay bc found--would  be unlikely -.

. to match any arbitrarily chosen 1232 reference  material, It.
--.is therefore  recommended  that rcsiducs suspected  of bcink

. “ A r o c l o r  1232”) but resembling  A r o c l o r  1221 and /or 1242, be

P quantitatcd  by co;nparison  to Aroclor 1221 and /or 1242 reference
r a t h e r  than by comparison  to an A r o c l o r  1232 reference.

?rom now on, Aroclor 1232 will not be considereb  a’separate
Entity, and lists of data on the behavior  of Aroclors  in this
~113 will not include A r o c l o r  1232’.

Sianificance:-- Little Aroclor  1232 v’as ever sold (according  to
Monsanto) and none is available now, s o  r e s i d u e s  of “1232”
are not likely. The suggested means of quanrftation  is
avaiiable only in case such a residue  is found.

Toxicological and ecological reasons for identifyinc the
residue t;ill. not be jeo?zrd,ted by reporting  the residue as
1221 and/or 1242 rather than as 1232.

Aroclors  4465, 5442, and 5460 Reference  Materials

By definition of the manufacturer, the Aroclors  named  in the
ti’..le are composed  of mixturlts  of t h e  following:

4465 - celorinatcd biphenyls and terphenyls,  with

5442 -
65X chlorzne  by weight
chlorinated terphenyls,  w i t h  42% khlorine
b y  weight

5 4 6 0  - c h l o r i n a t e d  t e r p h e n y l s ,  w i t h  6 0 %  chlorine

. by weight .

. Chroma;ograms  o f  each of the a b o v e  m i x t u r e s  w e r e  p r e s e n t e d  i n

. LIB 918F. T h e s e  c h r o m a t o g r a m s  were.obtained  a t  c o n d i t i o n s
.

- n o r m a l l y  u s e d  f o r  the chromatography.of  t h e  m i x t u r e s  of chlorinated
. b i p h e n y l s . I t  h a s  s i n c e  been d i s c o v e r e d  that, at these  conditions,

the chlorinated  t c r p h e n y l s  predcnt i n  4 4 6 5 ,  5 4 4 2 ,  a n d  5460
w e r e  s e e n ,  at b e s t , o n l y  a s  v?ry l a t e  eluting peaks. I n  t u r n ,

I this f a i l u r e  o f  the chromatographic s y s t e m  t o  v i s u a l i z e  the
t c r p h o n y l s  l e d  t o  some inaccurate results in other c x p c r i m c n t s
w h i c h  used C L C  a s  a dctcrninat;rc  s t e p .
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:: cv fIlldin2.s  on the Aroclors  of intcrcst follow.
44Gj:
T-@Gcr

T!lc rcfercncc  r:latcrfal  distribulcd  to FDA Disiricts  b y  the
!?cfcrcncc  SLiAIid.irdS  ilrsnci1 appczrs to b c  m o s t l y  biphcnyl

conFounds,  dcspitc Xonsantols  dcscri;)tion of t h i s  mixture as @:60
tcrp!lenpl: bip!:cny.l. Chronatograph-+%f  4465 --on a GLC column vtiich
permits  visualization of tcrphcnyls  dots not r e v e a l  the presence  of

. ;ld.ditional signif icant compounds.
. .

&
Because  the 4465 reference  material obtained from Monsanto  by FIIA

l does not match Monsanto’s description of the product,  it is suspected

P that the terphenyl: biphenyl proyortlon  must vary among  different
manufactured  lors. The description  of the m a t e r i a l  as a combination
of tgzrphcnyl  and biphenyl  also s u g g e s t s  t h a t  4 4 6 5  may have been made
by zc>nbining  amounts  of other Aroclors until 6 5 %  chlorination  was
o b t a i n e d . Therefore, it m a y  bc possible to handle r e s i d u e s  o f  “4465”
bs :Dmparing  them to other Aroclor  references  which they r e s e m b l e .

Monsanto 30 longer manufactures  hroclor’  4465,’ so no additional
samples  of reference  material are available. For t h i s  r e a s o n ,
data presented in other sections  of this LIB w e r e  obtained using
t h e  reference  material  containing  mostly chlorobiphenyls.

5442:-- The reference  material  o f  5442 available in FDA contains  some
coI,tanination  with chlorinated  biphenyls, a s  e v i d e n c e d  b y  t h e  e a r l y
eluting p e a k s  i n  the c h r o m a t o g r a m s  in L I B  918F. The c o n t a m i n a t i o n
is reiat fvely smali, and the d&taa’  for 5 4 4 2  p r e s e n t e d  e l s e w h e r e  in
this LIB $J= obtained b:; measux ing the rccobery  of the ter?henvfs
w i t h  a  GLC column which  p e r m i t s  t h e  t e r p h e n y l s  t o  e l u t e  q u i c k l y .

5460: -The 5460 distylbuted a s  .I r e f e r e n c e  m a t e r i a l  h a s  now been
shown to contain  a relatively l;arge ( a b o u t  5 2 )  contamination of
chlor>-nated  biphenyls. It i s  n o w  apparerrt t h a t  o n l y  t h e  triphen
conta:zinan: w53 b e i n g  v%sualizec?  b y  the GLC systems used in LIB 918F,
vhich explains  why the  chromatograms of  5460  resembled  1260 so
c l o s e l y . T h e  c h l o r i n a t e d  tcrpht:nyl components  of 5460 c a n  b e  s e e n
and,mcaaured  w h e n  t h e  alternat  CLC c o l u m n  i s  u s e d . Data  on  the
behavior o f  5 4 6 0  p r e s e n t e d  clscvhere i n  t h i s  L I B  were o b t a i n e d  u s i n g
the altcraate c o l u m n  t o  v i s u a l i z e  t h e  t e r p h c n y l  c o m p o n e n t s  o f
3460 for measurement..

l Significance: R e s i d u e s  of c h l o r i n a t e d  t c r p h e n y l s  a r e  p r e s u m a b l y .
o f  a s  uuch i n t e r e s t  a n d  i m p o r t a n c e  a s  t h o s e  o f  c h l o r i n a t e d

‘b?phcnyl;. U n t i l  r e c e n t l y , t h e  c a p a b i l i t y  f o r  d e t e c t i n g  a n d  m e a s u r i n gi chlorotcrphenyl  res idues  vas lim5tcd  by the very  long  retent ion
tfmes and consequent poor sensitivity for the compounds on the
CLC c o l u m n s  (PM 3 1 1 . 2 )  n o r m a l l y  used f o r  a n a l y s i s  o f  c h l o r i n a t e d
b i p h c n y l s . . .
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rcfcrcncc  nnt.cri,?l. T ! I i 5 is tllc rccomncndcd  procedure  for
detection Liild tC3:;urC':. ;I:‘:  O f  TCSiducs in samples suspcctcd  of.
contaninnticn  with ch!.or~inatcd  terphcnylc. Ir, particular,  saprplcs
whose prclininarp.  CLC anz1ysi.s  sho~zx~peaks  c-luting beyond thC'<
retention times of chlorinated Liphenyls should  b c  injtictcd  ori the!

.a-l.tcrnatc  column  to visp.llizc any terphcnyls  present.
residues too low to bc rccogrlizcti  in ordinary

Chlorotcrpilcn
simple examination czn

be diicovcrcd by injeccLons of the sample on the alternate column.

Variati.ons  in Partitioninz Amonrr PCB/?CT

It has been determined  that the cfficfcncy o f  tralnsfcr  of PCB from
petr ether to acetonitrilc decreases with increasing  c'hlorination
of t h e  compounds.
standards  wbrc

In particular, the-following recoveries  of Aroclo
obtained  when a known amount of each Aroclcr in 15 ml

petr ether was
acetonitrile,

partitioned into four su'cccssive 30 ml portions
each acetonitrile portion  being backwashed with an

additional  15 ml petr ethc.r (PAX I, 211.14b):

Aroclor ug in 15 ml PE X r e c o v e r y

1221 4 0 94

1242 40 9 7

1248 40 93

12S4 40 87

1260 40 . 7c

1262 40 74

4465 20 71
.

Among  t h e  PCB components  of Gny given Aroclor,  t h o s e  wlose peak5
elutcd f i rst  in  the normal  gas  chromatographic  system‘showed the
h i g h e s t  recoveries. P e r c e n t a g e  r e c o v e r y  d e c r e a s e d  w i t h  i n c r e a s i n g
r e t e n t i o n  times ( w h i c h  g e n e r a l l y  i n c r e a s e s  w i t h  i n c r e a s i n g .
c h l o r i n a t i o n ) , a g a i n  s u g g e s t i n g  t h a t  t h e  m o r e  h i g h l y  c h l o r i n a t e d  t h e

. -isomer, t h e  p o o r e r  its t r a n s f e r  f r o m  p e t r  e t h e r  t o  a c c t o n i t r i l e .
. The t w o  A r o c l o r s  m a d e  u p  o f  p o l y c h l o r i n a t c d  t c r p h e n y l o  (PCT) d i s p l a y

a similar pattern.
d e s c r i b e d  a b o v e ,

W h e n  Aroclors 5442  and  5460  were partitioned as
. 9 2  a n d  7 7 %  o f  t h e  o r i g i n a l  2 0  u g  w e r e  r e c o v c r c d ,

0 r c s p c c t i v c l y . Recoveries  of i n d i v i d u a l  P C T  i n  t h e  A r o c l o r s  wcrc not
dctcrmincd, because  the CLC column for PCT does not rer.olvc  the

c o m p o n e n t s  vcll enough  f o r  mcasurcment  of each.

Sjgniffc;\nc-r!:-w-B-- The cxl)crimcuts  performed  in gathering  thi.s
rccovt*ry  rla~3 wcrc dczi;;nrd  t o  duplic;lrc the pnrtitjonin:  stop
m o s t  often used iu tbc a:1JLySis of fatty Toads for

.
L .

. "
. ./
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or~n~ochl~r  i;:c ;)tsticjrlcs and/or PCC.
shou;r!  br: Llv7.r

The residue  analyst
c t!lot ~‘ccovcry  through PAP1 I method 211 (Zn,t&y.

foods)  W’il k6.dirc. 1 L crcnt  for c!if?L?kcnt  Arc&J ors and s.hould’$void
attributing losses conplctcly  to the Florisil  or silicic ac,id.

__ column chromztoCraphi<  steps. In addition, the pattern  of P C B
isomers  in a given Aroclor is altcrcd to some degree by this
phcnoncnom,
analyst.

and may cause confusion  t o  the inexperienced

!?ccovcrv  of I!roclors Through Florisil Column  Chromatography
.

Net? information  on the behavior of Ar.oclors in ‘oth’cr parts of tile
methodology  h a s  p r o m p t e d  r e a s s e s s m e n t  o f  the clution o f  Aroclors
f r o m  the F l o r i s i l  c o l u m n  (PAX 211.14d). F r e q u e n t  u s e  of,
pestfcidc residue acrho~ology for the a n a l y s i s  f o r  PCB h a s
assured us that the chlosinatcd biphenyls  elute in t h e  6 %
ethyl ether/petroleum  ether eluatc.
have shown that Aroclors  4465,

Additional  experiments
5442, and 5460 a r e  alSO elUted b y

the 6% eiuant.
*

Rccsvcry of Xrocl ors Thrcuch Silicic Acid Column Ch:oaatographv

Masumoto  (in press , JXOAC)  has p o i n t e d  o u t  t h a t  s o m e  o f  t h e
chioroblphenyl  isomers  present in Aroclors  a r e  n o t  zluted  f r o m
t h e  silicic a c i d  c o l u m n  b y  p e t r o l e u m  e t h e r  a s  origi:rally
reported. Instead, the chlorobiphcnyl isomers with early
GLC retention  times (which,  g e n e r a l l y , are those  with lowest
c h l o r i n a t i o n )  a r e  l i k e l y  to b e  h e l d  o n  t h e  s i i i c i c  a c i d  c o l u m n
a n d  cluted  from it only by thesecond,  polar eluant. Aroclors
consisting m o s t l y  o f  l o w e r  c h l o r o b i p h e n y l  :somcr=  :*2X ZZzrcforo
s h o w  low recoveries in th? p e t r o l e u m  e t h e r  eluatc.

Recoveries of PCB in the following Aroclors  were obtained from
a column m a d e  o f  s i l i c i c  a c i d  a n d  Cclitc ( L I B  918C-E) w h i c h
h a d  been p r e v i o u s l y  s t a n d a r d i z e d  b y  a d d i t i o n  o f  e n o u g h  H 2 0  t o
e f f e c t  s e p a r a t i o n  o f  pp’DDE a n d  A r o c l o r  1 2 5 4 : 0

, Aroclor \ R e c o v e r y  l

1221 essentially al3. in 'polar cluatc

12.42 . 20-35X in polar eluatc

1248 .

12S4

1260

1262

4&G:*

less than 20% in polar eluatc

cobpletcly in pctrolcun!  cthcr

conplctcly  In petroleum e t h e r
.
complct~ly  i n  pCtrcJli+uX  cthcr

.
compfctcly in petrol (tun\ ctlrcr .

.
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kRcferencc  mtterial contained  mostly  polychlorinated'biphcnyl.

_._ isomers  , rather than both biphcnyl and terphenyl isomers.

The s i l i c i c  acid cLllumn  chromatography of the two Aroclors.
consisting of PCT was also examined . All o f  the Aroclor. 5442 and most of the Aroclor 5460 added  to a silicic

. a c i d  column was elutcd by t h e  polar aluant. Aroclor  5460
'was partially eluted by the petroleum  ether eluant.

t
Significance:

.
'Knowledge of t h e  elution characteristics

of the -Arociors  from the silicic acid column  will aid the
analyst  in his choice of t h e  appropriate  analytical treat-
ment of samples  containing both pesticides  and PCB. If exazi-
ination of the origi.'lal GLC chromatogran  shows the PCB
to resemble an Aroclor known to be incompletely separaicd
from pesticides by silicic acid, alternate treatment(s)  cdn
be chosen to permit quantitation of the residues.

R e s p o n s e  of GLC Detectors to the Chlorine  Content in Aroclorswe -

Expcrinents were perforced  to determine  whether the responses
' o f  the electron capture,nicrocoulocetric and electrolytic

conductivity detectors were proportional  to the chlorine,
contezt  of Aroclors  regardless of the nature  of l.he compounds
comprising  the Aroclor. Results  indicate that the response
of the haiogcn specific :dicrocoulometric and electrolytic
conductivity detectors to the same amrunt.of  chlorine in
djfferent Aroclors'was  f:ssentially tht sane.  In :ontrast,
t h e  r e s p o n s e  of the.cle-:tron  c a p t u r e  detector to <he m o r e
h i g h l y  chlorinated  Aroclors was disproportiondtcl:v high
w h e n  compared  to the response of t h e  same detecto;.  to
A r o c l o r s  w i t h  l o w e r  c h l o r i n e  c o n t e n t . .

The e l e c t r o n  c a p t u r e  detector  t h a t  was used .was first shown
to give rcproduciblc r e s u l t s  a n d  t o  b e  l i n e a r  in r e s p o n s e

- to araounts of heptachlor epoxidc injected. Then, injections. o f  six Aroclors  were made and the total area of response
: # m e a s u r e d  f o r  e a c h . C a l c u l a t i o n s  were pcrforncd  s o  t h a t

. responses to the different hroclors could be compared to
one another, on tbe basis :f rcspanselwcight  c h l o r i n e .

:' J The f o l l o w i n g  r a t i o s  were o b t a i n e d  in t h i s  way:

: Aroclor Relative Rc?,pons~?/Kei~ht  Chlorl- - -

I.221 1

1242 a. 3.0?.

124# . i’: 5G.
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1254 9 . 6 4

1260 1 2 . 7 0

1262 10.35

-. It is obvious from these  data that response  of 'the.EC d e t e c t o r
is not proportional  to the amount. of'chlorine  present in the
chlorobiphenyl  uolecule. .

In contrast, the responsIz of the micrbcouloaetric  detector to
injections of the same ar;lounts  of chlorine in e a c h  of four
different Aroclors  t;as c--,Pentially the same..for  each Aroclor.
Because detector  scnsitlvity changed with time', ratios of
response to Aroclcr  X are compared;
t&Sponse  to hroclor 1242

the injection of Aroclor

1242 and the injection of the other Aroclor  were always'made
within an hour of one another. Other special precautions  w e r e
a l s o  utilized to improve reproducibility;  e.g.,  the first two
fzjactions nadk aftar ceL1  fiushing
considered.

and equrlibracicn  w e r e  n o t

The following ratios weie obtained:

ResponsaRelatelve
. ( f o r  scmc weight chlorfne)

.
Aroclor Near Range (nunbcr  of iniections)

'1242 1.09 ( u s e d  a s  standard)
-

1248 . 0 . 9 7 0.90-1.03. ( 3 )

’..1254 - 1 . 0 0 0 . 9 ’ 2 4 2 3 -( 5 )
I -
I l

1262 I.10 0.86-1.26 (6)
1 4

; .
D e s p i t e  t h e  p r o b l e m s  e n c o u n t e r e d  i n  d e a l i n g  v i t h  the m i c r o c o u l o -

I ractric s y s t e m , tiresc data d o  present  evidrraca that microcoulo-
I* ¶
i

m e t r i c  r e s p o n s e  i s  essentfally p r o p o r t i o n 3 1  t o  tlic a m o u n t  o f
c h l o r i n e  prcscnt; regardless o f  the s t r u c t u r e  o f  t h e  ::cmpouGds.

.
Figures 1 - S  dcmonstratc  v i s u a l l y  the c o n t r a s t  between E!: a n d

m-
miCrCJCOUltJzC!rric  x-r*sponscs to chlorine cont’cat i n  the ?CU
coutaincd  i n  .‘.roclors. In p a r t i c u l a r , tttr? lowclr chlorirratcd
Aroclors  .rnd tfkc r’.trl y C Litt ii\,: (lovc:r ::ir:sr inal edi) S’Clf wj Lh in
tttti  J\roc ll>f  ?: !ih4.i*.  t!;,’ *ll~f;; ?I ;\ t i. .*,I

. .
2 i ; t i r “ I1 i: C’ i II

I tJl?tWtC!ll  i:C iltlli

[I 1 t t’r: f 11

fxi cr.:::r,ul~~t.~r~~  r ie rc?=pcJr~!;ren , I’11  i :; a? I f 1.1: i I. ii
C 0 115 1 :i t t&n 1 w ( t ItI t II 5 cl 4 t 3 0 11 E c ;I tlt[ m f c f n ;: Q 11 1 oats*  t r 1 c I: c’ :: p 3 n s 12 r;
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vary and that no..atter.pt has been 63&e to co%rpare  instrument 'i...
sensitivity  in thcsc cnromatograms.

. The& electrolytic  conductivity  detector was also shown to
to the chlorine content of PCB in a study using a  C o u l s o n

respond
4

.
electrolytic conductivity detector specific for halogens.

The systrn uas operated  i n  the reductive  mode and utilized a
c platinum catalyst. Two injections each of Aroclor  1221 through

1260 were made and compared  to the response  of Aroclor 1242
which was used as a reference. The.reference  was injected
immediately  prior to the Aroclor  being checkec in e a c h  c a s e .
Aroclor 1242 w a s  also used as a  means of checking the sensitivity
of the detector  which vzricd from day to day and even during
the course  of a day's operation.

For these calculations  t h e  response  for Aroclor  1 2 4 2  a n d  t h e
Aroclor'being checked were m e a s u r e d  by*,planimeter  in square
inches. In this regard it was noted that the linearity for
t h i s  detector appeared  to drop off sharply when the response
f e l l  below 0.09 in.2/ng  chlorine,  which was due prillarily
to the inability to accurately measure all. the peaks in the
~Z~~L-~IICC  o r  X r o c i o r  being t e s t e d . Results-were  a s  follows: .

Arcclor ng injectad

1221

. 1221

-1242

1248

1248
l -

4 1 2 5 4

125 .

112.5

'115

125

125.

100

125

Response
i n  2/ng C l

Respor+se to Aroclor- -
Response  to Aroclo;-  124

i
0.12 - 1.01 . .

. .

1.000.12

Used as R e f e r e n c e
.

0.09

0 . 0 9

0.10

0.10
w

0.09 .

1.00.

1.05 I

0.99

1 . 0 1

0.99

1.02
.

0.09 1.08
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the amount of 1.0s~  thrcugh  volatiJ@ation o-f the different
cdmponents  (to be described  in a f‘dr"thcoming:r-report  from
LOStDO). The accurac; of the quantitative  result decreases

‘with the increasing  aiteration of the PCB residue from the-
pattern of the Aroclo: reference.

i
The disproportionate  response  of the EC detector t o  the more
highly chlorinated  components aggravates  the problem of

t quantitation  of an altered residue.'  The analyst should be
aware of these  limitations and, if possible,  quantitate
altered residues  using 0~2 of the halogen-specific  detectors
and reference  Aroclor(s) -dhose pattern matches  that of
the residue most closely. This should minimize  the problem
until such time when  an improved method of quantitation
is available.
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. . : 44pg ‘P=c .t--_ ., . . .

. .- -
...

.
:I !
. l

. .
i. .

.

.

. .I
.

. ii

I

I

i 1

I

: .

: .

:

! v.

.

-. j

I i

A☺

i

m.
?.

. .
l .

,

.�

.

MC :. about 6-6dng-.

.

I .

-. . . . . - .
A1oclor.1242.

. .: * .
. :-, :. ..

. F.i‘g. 2
‘I . .
f; . :..

:
1:. -
i !* .

.
.

. . - I

l j

.
:. -

. .
l .

. l . .
. .

. 0
-

�,
. .

. .
.

. .

.

.

.

.

.

.

. �
. . .



c

l .
.

- .

. . .

.

.
. .

.

I
I

4

-EC : 26 nq . .*c--e ,.>-- - .j
t
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': about 630 ng.
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Fig. 4 Are,clor 1254 .

EC : 20 n8

MC :’ about 832 ns
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F i g . 5 Aroclor 1260

.EC : 2@ ng.

8.

c

Instrument Conditions :'E'ig*Jrc's  1 - 5

f‘ fl . . '* .'..L. , - . . 2c 200 col, PAX I 311.2 Poraneters; ?OV; 1 x 10-9 al's
- .

*- .\ * :' c ;(?I) col. 2: 2OYC, 12C Pll/l?l~lI Sy: inlet-t-r P ,.mr\ c??COt-.

.
, ..f,

I


